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(54) Method and apparatus for polymer processing treatment

(57)  The object of the present invention resides in
providing a method and an apparatus for polymer
processing treatment, wherein a sudden pressure
change due to expansion by evaporation of a reactant
when it is exhausted from a reacting extruder is given
in a little amount to a molding machine for the treated
substance, and the change in the amount of the material
supplied to the molding machine and the variation in
molding are small, and hence a continuous and uniform
molding is possible. That is, the method of the present

invention resides in a method of polymer processing
treatment, which includes the steps of: reacting a poly-
mer with a reactant (9) under mixing and stirring at a
high temperature and a high pressure in the inside of a
reacting extruder (1) to produce the treated substance
(9), introducing the treated substance (9) and the re-
maining reactant into a reactant-separation tank (8) to
separate the treated substance (9) and the reactant; and
molding the separated treated substance, for example
in a molding extruder (2).
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Description
Field of the Invention

[0001] The present invention relates to a method of
polymer processing treatment wherein the polymer is
subjected to a degeneration or degradation reaction or
a decomposition reaction, or crosslinking bonds or mo-
lecular chains of a crosslinked polymer are cut to pro-
duce a thermoplastic resin or a wax, and also to an ap-
paratus therefor, and particularly relates to a novel
method of polymer processing treatment which com-
prises reacting a polymer with a reactant in supercritical
state by use of an extruder, and also to an apparatus
therefor.

Background of the Invention

[0002] As conventional techniques, in JP-A-
8-300352, a thermoplastic resin having a thermosetting
resin coating film is mixed with a primary or secondary
amine as a coating film-decomposing agent by use of
an extruder to reproduce a thermoplastic resin under the
conditions of a temperature of 200-300°C and a pres-
sure of 10-100 kg/cm2.

[0003] Furthermore, JP-A-2001-253967 discloses a
process which comprises supplying a crosslinked poly-
ethylene and water to an extruder and extruding them
under the conditions making water supercritical or sub-
critical in the extruder, that is, at a temperature of
200-1000°C and a pressure of 2-100 MPa to produce a
thermoplastic material.

[0004] JP-A-2002-249618 discloses that a
crosslinked polymer is extruded from an extruder and is
introduced into a reactor together with a fluid of high
temperature and high pressure to produce a reaction
product, which is introduced into a separator to separate
the reaction product and the high temperature fluid, and
the reaction product is exhausted to the outside by use
of an extruder.

[0005] JP-A-2000-198877 discloses that a thermo-
setting resin is reacted with a decomposing liquid in an
extruder and, after the reaction, the decomposing liquid
and a solid insoluble in the decomposing liquid are treat-
ed with a centrifuge in a solid-liquid-separating tank.

Summary of the invention

[0006] Recently waste products have become an im-
portant environmental problem, and momentum for re-
production or reuse of polymers has also been gained.
Under such trend, a thermoplastic resin is moldable
again owing to increase in fluidity by heating, and hence
the material recycling thereof has made progress. How-
ever, on the other hand, in the case of resins such as
thermosetting resins and crosslinked polymers, elas-
tomers and the like, heating does not break three-di-
mensional network. of their molecules and hence does
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not cause fluidization and causes carbonization while
keeping their shapes, and therefore the reproduction
thereof is difficult. Thus, under the present situation, in
many cases they are subjected to waste disposal such
as landfill, although in some cases thermal recycling is
carried out.

[0007] Also with regard to such thermosetting resins
and crosslinked polymers, trend for trying to carry out
material recycling has increased, and techniques mak-
ing it possible have appeared. For example, a process
of breaking three-dimensional network structure in mol-
ecules to produce a thermoplastic material for reuse,
and a process of cutting principal chains to produce a
low molecular weight wax, which is reused as an addi-
tive for resins, have been considered.

[0008] In orderto use such processes in a processing
power of practical scale, a process for treating continu-
ously is indispensable, and use of an extruder is suitable
for continuous treatment. In order to break and thermo-
plasticize three-dimensional network in molecules of
thermosetting resins and crosslinked polymers, heat
and pressure are necessary, and it is possible to easily
obtain the necessary conditions by use of an extruder.
The similar thing is applicable also to the case of pro-
ducing a wax. Furthermore, when thermoplasticization
is carried out, in many cases a thermoplastic resin or a
reactant is added together with thermosetting resins or
crosslinked polymers, and it is also possible to easily
introduce such an additive by use of an extruder.
[0009] A primary or secondary amine in JP-A-
8-300352 and water in JP-A-2001-253967 act as a re-
actant thermoplasticizing thermosetting resins or
crosslinked polymers by chemical reaction. However,
these literatures disclose nothing about separation of
the treated product exhausted from an extruder and the
reactant used for the degradation.

[0010] Furthermore, JP-A-2002-249618 discloses
nothing about reaction of a polymer and a reactant un-
der mixing and stirring by an extruder, and JP-A-
2000-198877 does not disclose a step of molding a de-
composed resin.

[0011] The present inventors have found that when a
mixture of such a treated product and a reactant is ex-
hausted from the high temperature and high pressure
conditions in an extruder to the outside of the extruder,
the mixture is separated into the viscous liquid treated
product and the gaseous reactant, and when they are
introduced directly to a molding means, the gaseous re-
actant is intermittently ejected and pressure change is
very large and hence it is difficult to carry out uniform
molding continuously. Furthermore, when a reactant is
expensive, it is requested to recover and reuse it. In the
prior art, it was necessary to vacuum up a reactant
through an evacuation equipment using a grand vacu-
um pump or the like, and there was a problem of inter-
fusion of impurities in vacuuming up.

[0012] The problem underlying the present invention
resides in providing a method and an apparatus for pol-
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ymer processing treatment, wherein sudden pressure
change due to expansion by gasification of a reactant
when it is exhausted from a reacting extruder is applied
in only a little amount to a molding machine for a treated
substance, and the change in the amount of the material
supplied to the molding machine and the variation in
molding are little, and hence continuous and uniform
molding is possible.

[0013] Other objects, features and advantages of the
invention will become apparent from the following de-
scription of the embodiments of the invention taken in
conjunction with the accompanying drawings.

[0014] The above problem is solved according to the
independent claims. The dependent claims relate to
preferred embodiments of the present invention.

Brief Description of the Drawings
[0015]

Fig. 1 is a system diagram showing the entire con-
stitution of the instrument of polymer processing
treatment according to the present invention.

Fig. 2 is a system diagram showing the entire con-
stitution of another instrument of polymer process-
ing treatment according to the present invention.
Fig. 3 is a schematic view of the reactant-separation
tank and a tank pressure-adjusting mechanism in
the present invention.

[0016] The numerals in the drawings have the follow-
ing meanings:

reacting extruder,

molding extruder,

die,

cooling device,

strand,

strand cutter,

pellet,

reactant-separation tank,

9: treated substance,

10:  reactant-separation tank heater,
11: pressure-reducing valve,

12:  tank pressure-adjusting valve,
13:  hopper for raw materials,

14:  heater for reactant,

15:  pressurizing pump for reactant,
16:  impurities-separation tank,

17:  reactant tank valve,

18:  reactant tank,

19: blower,

20: combustion equipment,

50: heating medium-circulating equipment,
51:  jacket for heating medium,

70:  pressure gauge and pressure transmitter,
71: pressure control device, and
72:  signal-transmitting line.

N>R wN 2
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Detailed Description of the Invention

[0017] In view of the above-mentioned problems, the
present invention has been accomplished by studying
various techniques for making continuous uniform mold-
ing possible for a molding machine. That is, concretely,
the present invention provides a method of polymer
processing treatment, which comprises the steps of: in-
troducing a polymer and a reactant into a reacting ex-
truder and reacting them therein under mixing and stir-
ring at a high temperature and a high pressure to pro-
duce a treated substance; introducing the treated sub-
stance and the remaining reactant into a reactant-sep-
aration tank to separate the treated substance and the
reactant; and molding the separated treated substance.
[0018] Furthermore, in the present invention, prefer-
ably, the reactant-separation tank is kept at a high tem-
perature, and the pressure of the inside thereof is ad-
justed by pressure-adjusting means, and the treated
substance and reactant are introduced into the reactant-
separation tank after their pressure is adjusted at a val-
ue lower than the outlet pressure of the reacting extruder
by the pressure-adjusting means, and the separated
treated substance is molded by a molding extruder; or
the treated substance and the reactant are introduced
into the reactant-separation tank, and the molding is car-
ried out by extruding the separated treated substance
from the reactant-separation tank by the pressure-ad-
justing means.
[0019] Moreover, preferably, the present invention
further includes an impurities-separating step of sepa-
rating impurities from the reactant separated in the re-
actant-separation tank and a reactant-reserving step of
reserving the reactant separated from the impurities and
introducing it into the reacting extruder; and further in-
cludes a cooling step of cooling the molded treated sub-
stance and a cutting step of cutting the cooled treated
substance.
[0020] Furthermore, in the present invention, prefer-
ably the reaction is a degradation reaction, a degener-
ation reaction, a decomposition reaction or a crosslink-
cutting reaction which cuts crosslinking bond or molec-
ular chains of a crosslinked polymer to produce a ther-
moplastic resin or a wax.
[0021] Moreover, the present invention provides an
apparatus for polymer processing treatment, which
comprises: a reacting extruder for reacting a pulverized
polymer with a reactant under mixing and stirring at a
high temperature and a high pressure to produce a treat-
ed substance;

a reactant-separation tank for separating the
treated substance and the reactant, and

a molding extruder for molding the separated
treated substance.
[0022] Furthermore, the present invention provides
an apparatus for polymer processing treatment, which
comprises: a reacting extruder for reacting a pulverized
polymer with a reactant under mixing and stirring at a
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high temperature and a high pressure to produce a treat-
ed substance; and

a reactant-separation tank for separating the
treated substance and reactant; wherein the separated
treated substance is molded by molding means provid-
ed at the reactant-separation tank.
[0023] Preferably, the reactant-separation tank has
heating means for heating to a high temperature capa-
ble of liquefying the treated substance and/or keeping it
in a fluid state, and pressure-adjusting means for keep-
ing a pressure in the reactant-separation tank at a con-
stant value; and the heating means are an electric heat-
er provided at an outer wall of the treated substance-
reserving portion of the reactant-separation tank; or the
heating means have a jacket which is for circulating a
heat medium and which is provided at the outer wall of
the treated substance-reserving portion of the reactant-
separation tank, and a heat medium-circulating equip-
ment for supplying the heat medium to the jacket.
[0024] Thatis, desirably, the reactant-separation tank
is prevented from releasing heat so that the resin is not
hardened by cooling therein, or has heating means for
keeping the temperature capable of liquefying the treat-
ed thermoplastic or waxy polymer or a higher tempera-
ture of 150 to 200°C. As the heating means, itis possible
to provide a jacket having a mechanism for circulating
a heat medium on the outer wall of the reactant-sepa-
ration tank or to provide an electric heater on the outer
wall of the reactant-separation tank.
[0025] Preferably, the apparatus for polymer process-
ing treatment according to the present invention further
comprises: an impurities-separating tank for separating
impurities in the reactant separated from the treated
substance and a reactant-reserving tank for reserving
the reactant separated from the impurities and introduc-
ing it into the reacting extruder; and further comprises:
a cooling device for cooling the molded treated sub-
stance and a cutting machine for cutting the cooled
treated substance.
[0026] Furthermore, more continuous, uniform and
stable molding becomes possible by providing a pres-
sure gauge for measuring the inner pressure of a reac-
tant-separation tank and a pressure control device for
detecting change of the measured value from the pres-
sure gauge and adjusting the pressure in the reactant-
separation tank by exhausting gas components out of
the reactant-separation tank so that the pressure in the
reactant-separation tank is kept at a constant value, in
order to restrain pressure change. As the pressure con-
trol device, an electrically-operated, air-operated or oth-
er means-operated valve or actuator can be used.
[0027] Such polymer treatment becomes possible
concretely by an apparatus for polymer processing
treatment which comprises a reacting extruder having
introduction inlets for introducing a polymer and a reac-
tant, respectively, wherein the reactant is introduced
through a heater for the reactant and a pump for pres-
surizing the reactant, and wherein the introduced poly-
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mer and reactant are mixed, and temperature and pres-
sure are raised; a reactant-separation tank for separat-
ing the reactant from a mixture of the treated substance
and the reactant exhausted from the reacting extruder;
and molding means for molding the treated substance.
[0028] As stated above, in the present invention a re-
actant-separation tank is provided, and therefore, even
when a viscous liquid of treated substance and a gas of
reactant are intermittently exhausted from the outlet of
an extruder, the reactant-separation tank exhibits buffer
action against pressure change, and the pressure
change in the subsequent process is reduced, and thus,
continuous and uniform molding can be accomplished.
Furthermore, when a reactant-separation tank is kept at
a pressure higher than atmospheric pressure, the pres-
sure in the reactant-separation tank makes it easy to ex-
trude a treated substance to out of the reactant-separa-
tion tank and introduce it to a molding means, and more-
over a reactant can be recovered at atmospheric pres-
sure.

[0029] The polymer referred to in the present inven-
tion includes a synthetic polymer of thermosetting resin
such as crosslinked polymer, plastics, elastomer and
the like, and furthermore a natural polymer such as
lignin, cellulose, protein and the like, and moreover a
mixture of the synthetic polymer and the natural poly-
mer. In addition, a mixture consisting mainly of a poly-
mer and containing other materials such as automotive
shredder residue may be used.

[0030] Particularly, when a crosslinked polymer is
used as a polymer and alcohols or mixtures containing
alcohols are used as a reactant, such an apparatus con-
stitution functions effectively. Furthermore, such an ap-
paratus constitution makes the reaction with a reactant
easy and hence is extremely effective for restraining a
pressure change in the case of using a high pressure
such as supercritical condition.

[0031] Supercritical conditions correspond to one of
the preferred embodiments of the present invention.

Description of Embodiments
Example 1

[0032] Fig. 1 is a flow diagram showing an example
of the apparatus for cutting treatment of crosslinks of a
crosslinked polyethylene according to the present in-
vention. A pelletized crosslinked polyethylene is
charged into the reacting extruder 1 through the hopper
13. On the other hand, ethanol required for reaction is
supplied from the reactant tank 18, passed through the
reactant tank valve 17, pressurized by the reactant-in-
fusing pump 15, heated by the reactant heater 14, and
infused into the reacting extruder 1. As the infusing po-
sition, the position at which the concentration of the
crosslinked polyethylene becomes sufficiently high in
the reacting extruder 1 is preferable, and thereby leak-
age due to gasification of the reactant is prevented. As
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the reacting extruder 1, itis desirable to use a twin-screw
extruder having two screws so that the reactant of high
temperature and high pressure does not flow back and
kneading is sufficiently carried out. It is necessary for
the reactant-infusing pump 15 to increase pressure to a
value not less than the inner pressure of the reacting
extruder 1, and it is desirable for the reactant heater 14
to raise temperature to the extent that the polymer tem-
perature raised is not lowered in the reacting extruder
1. In the reacting extruder 1, the crosslinked polyethyl-
ene charged and the reactant infused are mixed and
stirred by screws. On this occasion, if at least a portion
of the reacting extruder 1 is under the conditions of tem-
perature and pressure making ethanol as a reactant su-
percritical, the crosslink-cutting reaction between
crosslinked polyethylene and ethanol proceeds sudden-
ly and sufficiently and a good treated substance 9 can
be obtained.

[0033] A mixture of the treated substance of
crosslinked polyethylene plasticized in the reacting ex-
truder 1 and ethanol as a reactantis reduced in pressure
by the pressure-reducing valve 11 and sent therefrom
to the reactant-separation tank 8 at a pressure slightly
higher than atmospheric pressure. In the reactant-sep-
aration tank 8 the mixture is separated into the treated
substance 9 of viscous liquid and the gaseous reactant.
The reactant-separation tank 8 is heated by the electric
heater 10 for the reactant-separation tank and kept at a
temperature making the treated substance 9 fluid. Fur-
thermore, the inside of the reactant-separation tank 8 is
kept at a pressure higher than atmospheric pressure,
and thereby the treated substance 9 is easily exhausted
out of the reactant-separation tank 8. The treated sub-
stance 9 exhausted out of the reactant-separation tank
8 is sent to the molding extruder 2 and molded by the
die 3 at the front edge thereof. As the molding extruder
2, a single screw or twin-screw extruder can be used.
Therein the treated substance 9 is molded into a thready
strand 5, which is cooled and solidified at almost ambi-
ent temperature by the cooling device 4 and cut by the
strand cutter 6 into pellets 7.

[0034] On the other hand, the ethanol reactant sepa-
rated from the treated substance 9 in the reactant-sep-
aration tank 8 is adjusted at atmospheric pressure
through the tank pressure-adjusting valve 12, and sent
to the impurities-separating tank 16. In the impurities-
separating tank 16, the impurities which arose during
the reaction and interfused in the ethanol reactant, are
separated from the ethanol by using difference in their
boiling points. The ethanol is returned to the reactant
tank 18, and the impurities are vacuumed up by the
blower 19 and burned and made harmless by the com-
bustion equipment 20.

[0035] Insuchanapparatus constitution, when the lig-
uid treated substance 9 and the gaseous reactant are
passed not continuously but alternately through the
pressure-reducing valve 11, the gaseous reactant ex-
pands from the compression state and hence is ejected
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strongly with the liquid treated substance 9 entrained.
Even in this case, the reactant-separation tank 8 exhib-
its buffer action against pressure change because it has
arelatively large volume, and restrains pressure change
after the reactant-separation tank 8. Therefore, contin-
uous and smooth molding is made possible.

[0036] Furthermore, the treated substance 9 is kept
at a constant temperature by the reactant-separation
tank heater 10, and hence when it is supplied therefrom
to the molding extruder 2, uniform supply little in tem-
perature change and little in viscosity change is made
possible. If the reactant-separation tank 8 is not provid-
ed, pressure change due to expansion of the gas is large
and gives influence directly to the molding side, and
therefore the amount of material supplied to the molding
extruder 2 changes and variation in molding tends to be
caused. Moreover, it is necessary to reduce the pres-
sure of the system in order to exclude the gaseous re-
actant.

[0037] However, in the present Example, the reac-
tant-separation tank 8 is provided at the stage after the
reacting extruder 1, and hence even after the plastici-
zation reaction caused at a high pressure, change in the
amount of material supplied to the molding extruder 2 is
little, and therefore variation in molding is scarcely
caused and uniform molding is made possible.

Example 2

[0038] Fig. 2 is a flow diagram showing another ex-
ample of an apparatus for cutting treatment of crosslinks
of a crosslinked polyethylene according to the present
invention. A thermosetting resin or a crosslinked poly-
mer in the state of pellets is charged into the reacting
extruder 1 from the hopper 13 similarly to Example 1.
On the other hand, ethanol as a reactant for cutting
crosslinks is passed through the reactant tank 18, the
reactant tank valve 17, the reactant-infusing pump 15,
and the reactant heater 14, and is injected into the re-
acting extruder 1.

[0039] The thermosetting resin or crosslinked poly-
mer kept at a high temperature and a high pressure in
supercritical state in the reacting extruder 1 is plasti-
cized by reaction with ethanol in supercritical state. A
mixture of the treated substance 9 thus plasticized and
the reactant is sent to the reactant-separation tank 8,
wherein the mixture is separated into the treated sub-
stance 9 and the gaseous ethanol. The jacket 51 for cir-
culating heating medium is provided on the outer wall of
the reactant-separation tank 8, and the heating medium
heated by heat exchange is circulated through the jacket
51 by the heating medium-circulating equipment 50, and
therefore the reactant separation tank 8 is kept at a tem-
perature not less than the temperature fluidizing the
treated substance 9. The reactant-separation tank 8 is
kept at a pressure higher than atmospheric pressure by
the tank pressure-adjusting valve 12. Thereby, the treat-
ed substance 9 is pushed to the lower portion of the re-
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actant-separation tank 8 and molded into the strand 5
through the die 3 provided at the front edge thereof. The
strand 5 is cooled and solidified by the cooling device 4
and cut by the strand cutter 6 into pellets 7.

[0040] On the other hand, the gaseous reactant sep-
arated in the reactant-separation tank 8 is sent to the
impurities-separating tank 16. Therein the impurities
produced during the reaction and the reactant are sep-
arated, and the impurities are vacuumed up by the blow-
er 19 and sent to the combustion equipment 20. The
reactant separated from the impurities is returned to the
reactant tank 18, that is, recycled.

[0041] Inthe present Example different from Example
1, there is not a pressure-reducing valve or the like be-
tween the reacting extruder 1 and the reactant-separa-
tion tank 8, but even in this case pressure change is re-
strained by the reactant-separation tank 8 having a vol-
ume corresponding to the processing power of the re-
acting extruder 1 and the tank pressure-adjusting valve
12, and in molding continuous and uniform strand 5 can
be obtained.

[0042] Furthermore, unlike heating by an electric
heater in Example 1, in the present Example the reac-
tant-separation tank 8 is heated by a heat medium. If
the temperature retaining fluidity of the treated sub-
stance 9 can be kept, any heating method can be used
as in these Examples.

Example 3

[0043] Fig. 3 is a system diagram showing the pres-
sure-adjusting mechanism of the reactant-separation
tank provided at the stage after the reacting extruder
according to the present invention. The mixture of treat-
ed substance 9 and reactant exhausted from the react-
ing extruder 1 in Example 1 is reduced in pressure from
a pressure in the reacting extruder 1 to 1-tens atoms by
the pressure-reducing valve 11, and then enters the re-
actant-separation tank 8 to be separated into the treated
substance 9 of viscous liquid and the gaseous reactant.
In the pressure reduction by the pressure-reducing
valve 11, the gaseous reactant which has been com-
pressed under high pressure, expands and accordingly
is ejected into the reactant-separation tank 8. On this
occasion, pressure change can be restrained to some
extent, since the volume of the reactant-separation tank
8 is large as compared with that of the gas evolved. By
providing the following mechanism thereon, much fur-
ther stabilization of pressure can be accomplished.

[0044] Thatis, the pressure in the reactant-separation
tank 8 is measured by the pressure gauge and pressure
transmitter 70, and the value measured is transmitted
to the pressure control device 71 through the signal-
transmitting line 72. In accordance with the pressure sig-
nal transmitted, the pressure control device transmits
valve-switching signal to the tank pressure-adjusting
valve 12 through the signal-transmitting line 72. The
tank pressure-adjusting valve 12 is an air-operated
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valve and adjusts the valve travel in accordance with the
signal. On this occasion, the valve travel is adjusted so
that the pressure in the reactant-separation tank 8 be-
comes constant.

[0045] As another method for adjusting pressure,
pressure may be adjusted by operation of the pressure-
reducing valve 11 and the tank pressure-adjusting valve
12. In this case, in addition to the above-mentioned
pressure gauge and pressure transmitter 70, a means
for measuring the pressure difference between before
and after the pressure-reducing valve 11 are provided,
and the pressure is controlled so that both the front pres-
sure and the rear pressure become constant. In the case
of controlling pressure by both the pressure-reducing
valve 11 and the tank pressure-adjusting valve 12, if
both of the valves are controlled by only the signal of
tank pressure, the two valve actions interfere with each
other and retaining of a pressure becomes unstable,
and therefore, in controlling of the pressure-reducing
valve 11 it is desirable to use as a signal the pressure
difference between before and after the valve as men-
tioned above, and in controlling of the tank pressure-
adjusting valve 12 it is desirable to use as a signal the
pressure itself of the reactant-separation tank 8.
[0046] By these mechanisms, the pressure in the re-
actant-separation tank 8 is always kept at an almost
constant value, and continuous and uniform extrusion
molding is made possible in a molding means at the
stage after the reactant-separation tank 8.

[0047] Itshould be further understood by those skilled
in the art that although the foregoing description has
been made on embodiments of the invention, the inven-
tion is not limited thereto and various changes and mod-
ifications may be made without departing from the spirit
of the invention and the scope of the appended claims.

Effects of the Invention

[0048] According to the present invention, after treat-
ing a polymer with a reactant by use of a reacting ex-
truder, when the resultant treated substance is molded
in a molding machine, pressure change in the material
supply can be restrained. Therefore, the present inven-
tion can provide a method and an apparatus for polymer
processing treatment, wherein a pressure change due
to an expansion by gasification of the reactant is given
in a little amount to the molding machine for the treated
substance, and a change in the amount of the material
supplied to the molding machine and a variation in mold-
ing are little, and hence a continuous and uniform mold-
ing is possible.

Claims

1. Method of polymer processing treatment, which
comprises the following steps:
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reacting a polymer with a reactant under mixing
and stirring at a high temperature and a high
pressure in the inside of a reacting extruder to
produce a treated substance,

introducing the treated substance and the re-
maining reactant into a reactant-separation
tank to separate the treated substance and the
reactant, and

molding the separated treated substance.

Method according to claim 1, wherein the reactant-
separation tank is kept at a high temperature, and
the pressure of the inside thereof is adjusted by
pressure-adjusting means.

Method according to claim 1 or 2, wherein the treat-
ed substance and reactant are introduced into the
reactant-separation tank after their pressure is ad-
justed at a value lower than the outlet pressure of
the reacting extruder by the pressure-adjusting
means, and the separated treated substance is
molded with a molding extruder.

Method according to claim 1 or 2, wherein the treat-
ed substance and reactant are introduced into the
reactant-separation tank, and the molding is carried
out by extruding the separated treated substance
from the reactant-separation tank by the pressure-
adjusting means.

Method according to any of claims 1 to 4, which fur-
ther includes:

an impurities-separating step of separating im-
purities from the reactant separated in the re-
actant-separation tank, and

a reactant-reserving step of reserving the reac-
tant separated from the impurities and introduc-
ing it into the reacting extruder.

Method according to any of claims 1 to 5, which fur-
ther includes:

a cooling step of cooling the molded treated
substance, and

a cutting step of cutting the cooled treated sub-
stance.

Method according to any of claims 1 to 6, wherein
the reaction is a degradation reaction, a degenera-
tion reaction, a decomposition reaction or a
crosslink-cutting reaction.

Method according to any of claims 1 to 7, wherein
the polymer is a crosslinked polymer, and the reac-
tantis selected from alcohols or mixtures containing
alcohols.
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9.

10.

1.

12.

13.

14.

15.

Apparatus for polymer processing treatment, par-
ticularly for carrying out the method of any of claims
1 to 8, which comprises:

a reacting extruder (1) for reacting a pulverized
polymer with a reactant under mixing and stir-
ring at a high temperature and a high pressure
to produce a treated substance,

a reactant-separation tank (8) for separating
the treated substance (9) and reactant, and

a molding extruder (2) for molding the separat-
ed treated substance (9) (Fig. 1).

Apparatus according to claim 9, wherein the pres-
sure-adjusting means (11) are provided between
the reacting extruder (1) and the reactant-separa-
tion tank (8) for keeping the pressure in the reactant
separation tank (8) at a constant value.

Apparatus for polymer processing treatment, which
comprises:

a reacting extruder (1) for reacting a pulverized
polymer with a reactant under mixing and stir-
ring at a high temperature and a high pressure
to produce a treated substance, and

a reactant-separation tank (8) for separating
the treated substance (9) and reactant,

and

molding means (3) provided at the reactant-
separation tank (8) for molding the separated treat-
ed substance (9) (Fig. 2).

Apparatus according to any of claims 9to 11, where-
in the reactant-separation tank (8) has heating
means (10; 51) for heating to a high temperature
capable of liquefying the treated substance (9) and/
or of keeping it in a fluid state.

Apparatus according to claim 12, wherein the heat-
ing means (10) are an electric heater provided at
the outer wall of the treated substance-reserving
portion of the reactant-separation tank (8).

Apparatus according to claim 11, wherein the heat-
ing means (51) comprise

a jacket (51) provided for circulating a heating
medium and provided at the outer wall of the treated
substance-reserving portion of the reactant-sepa-
ration tank (8), and

a heating medium-circulating equipment (50)
for supplying the heating medium to the jacket (51).

Apparatus according to any of claims 9 to 14, further
comprising

animpurities-separating tank (16) for separat-
ing impurities from the reactant (9) separated in the



16.

17.
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reactant-separation tank (8), and

a reactant-reserving tank (18) for reserving
reactant separated from the impurities and intro-
ducing it into the reacting extruder (1).

Apparatus according to any of claims 9 to 15, further
comprising

a cooling device (4) for cooling the molded
treated substance (9), and

a cutting machine (6) for cutting cooled treat-
ed substance.

Apparatus according to any of claims 9 to 16,
wherein the reacting extruder (1) is designed such
as to provide temperature and pressure conditions
in at least a portion thereof to make the reactant su-
percritical.
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